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ENVIRONMENTAL CONTROL SYSTEM
GENERAL DECRIPTION AND OPERATION
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INTRODUCTION:

This handbook describeas squipment for which
The FMirewel Company has been responsible in this envi-
ronmental control system program. This includes the
full pressure sult, the suit-mounted pneumatic and oxe
yzen=-controlled equipment and shipe-mounted pneumatic
and oxyzen=controlled equipment.

The suit system, together with the sondition-
ing system, will mailntain thermal and respiratory balance
Tor the pllot and provide emergency protection against
extremely high temperature, wind blast and decompression,
During normal flight the suit is not pressurized and not
restrictive to movement, The suit ventilation aystem
maintains comfort under the gas-tight and insulated cloe-
thing assembly., If a decompreasion situation should
occur, the sult offers complete pressurization while
ventilation and thermal protection continue unchanged.
Movements will be somewhat limited when the suit is pres-
sggizéd but not enough to hamper necessary aetiona of the
pilot,

Due to the duration of the proposed normal mi-
sgion, the normal oxygen supply 1a sufficlent to support
a flight of four and one-half hours going 'OUT! on two
oxygen supply oylinders and return on 'ONE' oxygen supply
eylinder,

In accordance with overall program philosophy,
a baslc design concept has been complete duality of funce
tion; This includes the dual breathing regulator, dual
sulit controller, complete duslity in the panel-mounted
oxyger. control unit, ships oxygen supply as well as supp-
ort hardware sueh as disconnects, lines, controls and em-
ergency oxygen supply.

A speolal seat klt 1s provided to give forward
leg support to the pllot due to ths forward seated posite
ion necessary because of the parachute and emergency oxy-
ger. supply back packe The seat kit will contain only sur-
vival equipment. '
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SHIPS OXYG:LN SYSTEM -

General Deseription and Operation Instructions

Oxygen cqntrol Panel Assembly:

The shlps oxygzen control panel assembly is
mounted at a.convenient location on the L.H. cockpit con~
sole, The panel, completely dual, consists of two oxygen
supply 'ON=-OTFF! valvea and two low pressure gages enclosg-
ed in a singls housing.

The 'ON-OFP' valves provide flow/no flow cont-
rol of the ships supply of oxygen from the oxygen supply
cylinder-reducer assembly through sulitable tubing to the
ships quick disconneet. Ths 'ON-QFF' valves also provide
the orew member with a secondary oxygen supply depletion-
balance controly i.e., if one of the supply cylinder shows
an excsessive depletion rate, as compared to the other sup-
rly cylinder, the reducer in the rapidly depleting system
can be turned off until the pressures in both systems are
equals The primary depletion control is automatic, but
may vary due to some slight mechanical condition.

The low preasure gages, connected independently
to the low pressure, outlet side of the higzh pressure red-
uoers, provides a direst reading of the oxygen pressure
delivered to the helmet regulator.

Oxygen Disconnect Agsembly (Dual):

Oxygen from the ships supply is conduocted
through the *ON-OFF' wvalves to the ships disconnect, Ths
disoonnect 1s mounted at a sultable position on the front
of the crew member's seat, permitting ease of personal
oxygzen hose attachment and allowing vertical seat adjust-
ment.

Attachment of the personnel oxygen leads (hoses)
to the oxygen disconnect assembly 1s accomplished by simple
allignment of the leads to ths dlsconnect and pressing into
place. Engagement of the leads into the disconnect mecha-~
nically locks them into this position and automatically
opens a check valve in the disconnect allowing the oxygen
to flow to the sult controller., Thias check valve sannot
close and cut off oxyzen supply except by separation of
leads from the disconnect. Manual disconnect separation
can be accomplliahed by pulling 'UP' on the oxygen leads.
(A pull of approximately thirty pounds is required)

The dlsconnect 1s also equlpped with a lanyard

operated separation mechaniam. By attaching the lanyard
to convenlent alrcraft structure, the e jection of the seat
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during emergency alreraft asbandonment will automatioslly
separate the ocrew member from the oxygen disconnect and
ships oxysen supply. Check valves incorporated in the
c¢rew members personal oxygen leads automatically close to
prevent loss of emergency oxygen throush the separated
leads., The ejection bailout action reacts upon a gulded
cable to the amergency oxygen system causing the emergen-
¢y oxygen to be turned on providing the crew members with
an uninterrupted supply of oxygen. :

NOTE: Emergency asbandonment during flight: Firat = manua-
1ly pull the green apple.

High Pressure Reducer:

The two hizh pressure omygen reducer valves,
connected independently to the oxygen supply cylinders,
reduces the outlet pressure of the supply cylinders from
the stored pressure of 2000 PSI (maximum) to a delivery
pressure of 66 PSI at 100 LPM flow., Flow passages and
arrangements of internal parts are such as to maintain
delivered pressures without appreciable pressure drop du-
ring any conditions of demand, including maximum obtain-
able flow volume of the helmet breathing regulator.

Rellef Vglve:

A spring-lcaded relief valve is installed on
each reducer, Its function is to prevent sxcessive pra=
ssure buildup in the system due to leakage across the re-
ducer valve when the system 1s not in use. The valve is
s8at to relieve at a pressure between 120-140 PSIG.

Bunst Disge:

A safely burst disc 1s incorporated in the oute
lat port of the oxygen supply cylinder. Ths burst dise
serves as a maximum pressure relief valve to prevent a ha-
gardous pressure buildup in the supply cylinders due to an
abnormally high temperature condition,

Dual Pressure Gage, Hich Pressure:

The dual high pressure gage is connected inde-
pendently to the inlet side (high pressure) of the oxygen
high pressure reducers and provides a direct reading of
the pressure of oxygen stored in the supply cylinders.

The dual high pressure gage is enclosed in a
single housing and is mounted on the left-hand cockplt ine
strument panel,
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Warning T.ight, Depleting Oxysen Supply Praessure:

Two warning lights (red) comnected throuch two
pressure-gensitive switches to the oxygen supply cylinders
will turn on the warning lights whenever the stored oxygen
pregsure in elther cylinder decreases to 100 psig.

The warning lights are mounted on the main ins-
trument panel in the cookpit,

Bottle Assembly, Oxygen Supply:

The oxygen supply is contained in two non-shat-
terable steel cylinders with a single cylinder volume equ=
al to 875 cubic inches (1750 cubic 1inches total capacitg,'
two cylinders) and a service preasure of 2000 psi at 70°F,

Ventilatlon Control Valver

Thermal protection is provided by the controll-
ed flow of ventilation gas through the suit. The ventilae
tion control/valve, mounted on the left-hand consols, is a
veriable flow valve enabling the pilot to manually adjust
the flow of ventilating gas from the ships supply to the
sult,

Ventilation Diseonnqct Aasemblzz

The ventilation disconnect, an integral part of
the vent system, is mounted on the crew member seat and
provides automatic separation from the sult vent system.
Vent system separation occurs automatiscally during pilot
normal 'stand-up' movements for ground emergency evacuation
and automatlc lanyard controlled separation occurs during
in-flight emergency seat ejection, A cheok valve is incore
porated in the suit half of the disconnect to prevent loss
of suit pressure at disconnect separation and also acts as
& water check valve.
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PERSONNEL OXYGEN EQUIPMENT

Sult Controller, Dual:

The suit controller is a combination high flow
low resistant valve provided to regulate and maintain
suit pressure. The vent section of the valve uses s come
pensated dlaphrazm and aneroid controlled back pressure to
maintain absolute suit pressure.

The sult controller, mounted on the R.H. side
of the sult, 1s a completely dual unit enclosed in a sin-
gle housing.

Ogaration:

The controller automatically malntains a conse-
tant absolute sult pressure of:: Primary system - 180 mm,
Hg., «= Secondary system - 170 mm.Hg.:: subject to varia-
tions in pressure permitted for ventilation and allowable
. sult leakage, whenever an atmospheric pressure of 170 mm.
Hg. or less 1s reached, The controller maihtains the nee
cessary sult pressure by controlling the back pressure of
the ventilating gas. If the vehicle ventilating gas sup-
Ply system becomes inadequate or is loat, the demand sec-
tion of the suit controller will automatically supply gzas
pressure directly into the sult from the oxygen supply
system. The normal alrcraft oxygen supply and the emerg-
ency supply systems are connected to the sult controller
to insure suilt pressurization under all flight conditions,

A water check valve is provided in the control-
ler to prevent the flow of water into the sult when sub-
merged in water,

Oxygen Flow Tester gPresa-to-Teatlz

The oxygen flow tester 1s an integral part of
the sult controller, It can be readlly reached with eith-
er hand and is so designed to minimize ita unintended ope-
ration by hand or arm movememts.

Tne manual oxygen flow tester enables the crew
member to In-flight or ground check the suit controller o=
perations The press-to-test 1s actlivated by pressure of
the ocrew man's finger; the result of this action 1s to
create artifidally a demand condition within the controlle
er corresponding to that which would be encountered at
high altitude. The action causes suilt Pressurigation and
a corresponding increase in oxygen flow to the helmet reg-
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Oxyzen Braatg;gg Regulator, Dual:

The breathing regulator, mounted inside the
helmet, is a dual demand type regulator actuated by a
spring-loaded diaphragm that is referenced to the suit
pressure to meintain a positive breathing pressure over
any glven sult pressure. The regulator supplies the pie
lot with breathing oxyzen from the ships system during
normal operation and from the emergency oxygen supply
during any emergency requirements.

A varlable orifice 1as incorporated in the dual
regulator to facllitate equal depletion of the dual ship
supply or dual emergency supply of oxygen,

Exhalation Valve, Dual:

The exhalation valve is a spring-loaded one~-
way valve referenced to suit pressure allowing the exhal-
ed gas to escape from the face area into the suit,

Emergencx 05xgen System:

The completely dual system, enclosed in one
compact unit, 1s located in the parachute pack. This 8y=
stem 1s connected to the orew member at the suit oontrole
ler, '

The system consists of two groups of oxyzen
supply eylinders contalning 60 cubfe inches volume per
group (120 cubic inches total volume, both systems) at a
stored pressure of 2000 PSIG maximum. Two high pressure
reducers, two high pressure gages and associated release
cable mechaniasm,

Emergency Oxyzen System Operation
Emergency In Flights

Several situatlions might bring about the emer-
gency. A prolonged flight at high altitudes could dange=-
rously deplete the ships supply of oxygen, This would
require switching to emergency ox gens pull the 'green
apple' while descent to a lower altitude 1s scoomplished,

The ‘'‘green apple® is located on the front,
left hand slde of the suit, elbow height,:

Grasp the 'green apple! firmly with the right

hand and abruptly pull from left to right out of its re-
tained position, -
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Emergency Bailout Operation:

When emergency abandonment of the aircraft at
high altitudes becomes necessary, the emergency oxygen
system is brought Into use as abandonment takes place,
Activation of the emergency oxygen supply and separation
from tihe aircraft oxygen leads takes place automatically.
Automatic activation of the emergency oxygen supply is
accomplished by means of a lanyard which is oconnected to
the emergency supply 'ONeOF7t! preducers and to the aire
craf't structure,.

The crew member 1s thereby provided with an
uninterrupted supply of oxygen for breathing and suit
pressurtzation,

Check valves incorporatsd in the crew members
personal oxygen leads close to prevent loss of emergency
oxygen through separated disconnects.

NOTE: Although automatic activation of the emergency ox=-
ygen system has been provided, the crew member
should always, before aireraft abandonment, manua-
1ly pull the 'green apple'.

Syatem Operation Test:
Press-to=Test:

The oxygen flow tester, 'preas<to-test' assem-
bly, provides a suitable and readily accessible means of
testing the complete pllots personal oxygen system for
correct operation. By pressing the press-to-test button,
located on the suit controller, the aneroid reference
passage to amblent atmosphere 1s closed, thus simulating
the conditions of oxygen flow which would be encountered
during high dtitude non-pressurization during flight, or
during high altitude ballout,

When the press-to-test buttons are pressed and
the oxygen system 1s functioning properly, the orew mem-
berd:111 sense the preassurization of his sult within se-
condss

Pross-to-Teast Procedure:

1, Press the LEFT preas-to-test button, primary
system, sult preasurization will be sensed.

20 Press the RIGHT press-to-test button, second-

ary or backup system, sult preassurization will
be sensed.
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OPERATION OHECKOUT KIT:

A compact operational checkout kit is provided
to functionally test the sult pressure, sult leakage, hel=

- met differential pressure and ships oxygen supply pressure.,

This ground«level check can be acoomplished at the aircraft
as a pre~flight item or as a normal maintenance procedure.
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PROGRAM INDNCTRINATION
TRAINING MANUAL

December 12th, 1961
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INTRODUCTION:

This preliminary training session has been
established to familliarize you with the program oxygen
equipment, both personal and ships systems, A more
comprehensive coverage of this subject will be avall-
able to you at a later date (See Section II of this
booklet). :

A classroom indoctrination will be used to
give you a detailed description of the complete system.

A short sltitude chamdber run will be conduc-
ted using only a full pressure sult helmet, to demonst-
rate the system under minimum altitude conditlons. Dur-
ing this chamber run, at 27,000 feet altitude, you will
be breathing from the regular ships oxygen system and
the emergency oxyzen aystem,

Personnel Conducting this Program will Be:

== Program Director

m=~ Syatem Design & Test Englneer
pee Altitude Chamber Chief
meo Program Pleld Coordinator
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PROGRAM TRAINING AGENDA:

FIRST DAY:

AM, INDOCTRINATION:
9 to 11l:30 STAT

1. System Familiarlization

A, deneral description of the come
Plete system,

B. Review Manual on system descrip-
tion and operating instructions

C. General discussion using compon=

ent parts, suit, anergency syste
em and schematic prints.

1:30 2. Detail Functions of System Opsration

A, Suit

B, Suite«Helmet

Co Desoribe conditions during syst-
em normal operation (no-pressur

ization), emergency conditions
(suit presauriged)
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SECOND DAY:

A.M,
9:00

10:00 AM

P.M.

[
[ ] ]
(L
Q

PATiRIRe L pigiaty

‘4\

Test Equipment Familiarization

A, Chamber

B, Instrumaentation

Altitude Chamber Run:

A, 30-minutes at 27,000 feet using ship
ayatem

B, 30-minutes at 27,000 feet using emsr-
gency system

General Review of Complete System

TRAINING COMPLETED

1gginty ) sty 22 WD L e ) M S

In Section II of this booklet you will find an outline
of the Training Program that will be provided at a late

er date.
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SECTION II

PROGRAM INDOCTRINATION
TRAINING MANUAL
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PROGRAM INDOCTRINATION

TRAINING MANUAL

November 27th, 1961
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INTRODUCTION:

This training session has been estsblished
to familiarize you with the program oxygen equipment,
both personal and ships systens.

A total of six days wilill be used for this
training course. Two days will be spent in classroom
indoctrination: the remaining time will be spent iIn
the altitude chamber simulating various flight condi-
tions,

A detalled agenda 1s listed in Section .

The 'Classroom Indoctrination' willi be used
to give you a better understanding of the equipment
you will be using.

The 'Altitude Chamber Runs' wlll give you ac-
tual experience and establish your confidence in the
system as you are exposed to simulated flight condl-
tions.

To help reassurs you, the equipment, the sult
the chamber and your crew have been through this exer-
cise many times before: SUCCESSFULLY, I might add.

will be the Training Coordina-
tor and serves as your Crew Chlef dur-
ing the chamber runs.
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PURPOSE

SYSTEM DESCRIPTION
TEST FACILITY
TRATNING AGENDA
DATA RECORDING

5.1 Medical Data {Physical)
5.2 Medical Data (During Test)
5,3 Suit Checkout (Back pressure vs. flow)

5.4 Oxygen Consumwption - Ship System
Oxygen Consumption - Emergency Oz System

(RAPHS
6,1 Heat Cycle - Graph Number 1l
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1.

2e

3.

PURPOSE:

To provide the user with preliminary training
and background information on the environmental
ayatem,

SYSTEM DESCRIPTION:

The environmontal control system consists basi-
cally of a full pressure sult for sltitude and
high temperaturé protection, in addition to the
oxygen systems, both ship and emergency.

TEST FACILITILS:

3.1 Equipment:

3.1s1 Altitude Chamber with Heat Chamber
, mocked up to simulate shipboard ox-
ygen system

3.1.2 Bio-Medical Checkout Equipment
3.1.3 Emergsency Oxygen System

3.1.4 Assorted flow and pressurs measuring
Instruments
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SECTION L
PROGRAM TRAINING AGENDA

Pirst Day:

AM,
9 to 11

P'M.
1 to
ls30

Indqctrination;

11-28-61

STAT

1, System Familiarization:

1.1 Ship System
1.2 Sult System
1.3 Ground Support Equipment

2. Test Equipment Familliarlzation

2.1 Chamber
2.2 Inastrumentation

2.2.1 Altltuds

2.2,2 Oxygen Consumption
2:2.3 Vant Supply

2;2.% Temperature Recording
2020 Modicael Instrumentatlion

2.2.5.,1 Rectal Probe
20205.2 BEKG Pataches

2.2.5.3 Body Temperature Fickups

2,3 Test Procedure

2.3s1 Normal
2.3.2 Emsrgency

Two=Hour Fun with Full Pressure Sulit:
Suit checkout

1, Ona=half hour at 27,000 feet

2. One-half hour at 35,000 feet

3 One~half hour at 27,000 feet

Chock back prassure vs., ventllation on sult at
ground level, 27,000 feet and 35,000 feet,

Subject will use !'Press-to-~tast' at both alti-
tudes for familiarization and comfort.

Approved For Release 2005/04/21 : CIA-RDP75B00285R000400120002-3

STAT



[T}

Approved For Release 2005/04/21 : CIA-RDP75B00285R000400120002-3

Program Tralining Agenda Page 2

Second Day:

A.M./P.M, Eight and One-half Hour Run (Pull Oxygen Shi

7 - 5:3C System
Full time at 27,000 feet with heat per attache-
ed Graph Number 1.

STAT
Third Days

P.M. Indoetrination:
1= }:30

1. Revlew of Second Day Run:

Briefing on high altitude/high temperature

test to be poerformed cn fourth day,

(i1.e., flight profile, use of emergency
oxygen system)
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Frogram Training Agends Page 3

Fourth Day:

High Altitude/High Temperature:

8:30
tg an Full ship system
1:30 pm Bottles charged %o PSI.

1. One-half hour at 27,000 feet. (Heat/Graph
Humber 1)

20 One-quarter hour at maximum asltitude {(Heat
as on Graph Number 1) Vent off,

3. One~half hour at 27,000 feeot (Heat/Graph
Number 1)

i Rapid ascent to 55,000 feet., Hold for one
quarter hour., {Maximum heat all over box
wall - 500°F) Vent off, :

5. Desecent at 10,000 feet per minute to 27,000
feet, 1lold for one=quarter hour., {All
heat off) Vent on. Cooler on.

6, At 27,000 fest send in Emergency Oxygen Sy-
stems (A1l heat QOFF)

7« Rapid ascent ¢o 60,000 feet, (All Heat OFF)
Bh%p Oxygen Supply OFF. (Emergency Oxyzen
0

8. When Emergency Oxygen gages show 300 PSI

(highest system) start descent to ground
level. (A1l heat OFF) (Ship Oxyzen Supply
OFF) Emergency Oxygen ON
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Program Training Agenda Page 4

STAT
Fifth Day:

%.MagP.M. Indogtrination Trsining:
- 1230

Detaill functions of system.

Brlefing on run to be made on Sixth Day.

Sixth Day:

AM,/P.M, Elght and Ope~half Hour Run:
7to 5

1. Four and one-quarter hours at 27,000 feet
. {Heat per Graph Number 1 ) PFull Ship Ox-
ygen System, except Chamber alr temperature
will be held to 100°F,

2o Pour and one-quarter hours at 27,000 feot
(Heat por. Graph Number 1} Chamber tempe-
rature will be held to 100°P. One-half
Ship Oxygzen System,
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Program Training Agenda Page S

BASIC PROCEDURES:

1, Subject will pre«breath pure oxygen for ONE HOUR prie
oy to the chamber run,

. During test, subject will read out ship system gagos
every ten minutes for the first hour - svery fifteen
minutes thereafter. Emergency oxygen gages, when this
system is used, will be read every five minutes.

3. Standard rate of ascent and descent will be 10,000
feet per minute,

e No in=flight feeding is planned unless requested by
ths subject.
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DEPLETION DATA

A proved For Release 2005/04/21 : CIA- RDP7SB(B§ %%0.040.0.12000
Time | § tart dressing Recorder
Sub Ject
Suit Pressure mm.Hg. at LPM Vent flow "820 Diff.
Sult Presasure mm,Hg. P.,T.T. Number 1 "H30 Diff.
wr Sult Pressure mme.Hge P4T.T. Number 2 "HoO Diff.

Time On Chamber 05 PSI No. 1 PSI No. 2

g s o DO S 1T e R I e RS ‘ LR LT T R R AT ;.,-._, T e B GEE
Elapsed Actual Sys. 1 Sys 2 Pﬁggg. ‘ e
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BACK PRESSURE vs FLOW
DATA SHEET

Full Pressure Sult No. 35-901
Sub ject

Test Conductor Date

GROUND LEVEL BENCH TEST using 'Vol-0-Flow' meter. Suit only
without subject, helmet and gloves
OFF

FLOW RATE BACK PRESSURE
(L.P.M) VENT AIR, SUIT (" H20)
190
280
350

GROUND LSEVEL « Subject fully sulted: Visor closed.

FLOW RATE BACK PRESSURE
(L.P.M) VENT AIR, SUIT (" Hp0)
et T G (AT

190
280
350

ALTITUDE CHAMBER TESTS - Subject fully sulited, visor closed.

FLOW RATE BACK PRESSURE, VENT AIR, SUIT (" Ha0)
(LeP.M) | Ground Lgvel 27,000 Feet | 35,000 Feet
Sitting] Flight
only | Hoolktup Flight BHookup | Flight Hookup
190
280
350
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